The effect of fast power swing conditions causes the apparent impedance 'seen' by distance protection schemes to vary over a wide range. This paper aims to moderate a directional impedance relay by adding a Wavelet Transform (WT) block and combines the outputs in a hybrid algorithm to detect a fault as well as fault during power swing, and blocks relay operation during power swings. The proposed relay has been tested for power swing conditions with different loading conditions and different power angles. In addition, testing the proposed scheme for fault conditions with different fault locations, different fault resistance, different fault types, and different inception angles had been carried out. The integrated relay had been tested on a simulated system using MatLab program.
Distance protection relays are commonly used for the protection of transmission lines. Basic principles employ steady-state phasor approach [1] . The steady-state approach may involve well-known algorithms based on Discrete Fourier Transform [2] , Kalman filtering [3] , or symmetrical components. These algorithms work on the estimation of fundamental frequency components of voltages and currents. These types of algorithms need about one cycle of signal to extract the fundamental frequency and may be much longer. Also, any sudden change in the configuration or the loading of an electrical network causes a power swing between the load concentrations of the network [4] . The current flowing through the transmission line depends upon the phase difference between voltages generated at the two ends of the line. The phase difference is equal to the rotor angle. The phase angle between the generated voltages changes during disturbances which may arise because of the removal of a fault or a sudden change in the load. During disturbances, the rotor of the generator swings around the final steady state value. When the rotor swings, the rotor angle changes and the current flowing through the line also changes. Such currents are heavy and known as power swings [5] . So long as the phase angle between the generated voltages goes on changing. Therefore, the impedance measured by the relay appears like a fault also varies during power swings. Thus, a power swing 'seen' by the relay appears like a fault which changes its distance from the relay location. The characteristic of directional impedance relay and power swings are shown on the R-X diagram of Fig. 1 [5] . During the last decade, several schemes for the discrimination of power swings and faults have been proposed. In [6] , consider the changing frequency in their formulation; a time invariant (d-q) frame was built to track the load angle and differentiate between a swing and a fault, however, it considers only single-phase faults. In [7] , a modification
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Proceedings of the 7 th ICEENG Conference, 25-27 May, 2010 EE047 -3 had been done for detecting a high resistance earth fault during a power swing for symmetrical faults, which are really most likely to be confused with a power swing. Phase selector during power swing is proposed in [8] by utilizing the Series Multiresolution Morphological Gradient (SMMG) transform to extract the superimposed components of modular currents. This scheme used only for unbalanced faults and the faulty phase can be identified within one-and-a-half cycles after fault inception during a power swing. A novel unblocking criterion based on the variation rates of both active and reactive power to identify the symmetrical faults occurring during power swings is proposed in [9] . This method fails in case of unsymmetrical faults. Wavelet Transform (WT) had been extensively used in power system analysis in recent years. In [10] , the use of Wavelet Transform is introduced to detect a power swing and to detect any fault during a power swing. The ninth current signal detail captures the current variations around the nominal frequency and hence can be used to detect a power swing. The summation signals of the first four voltage details capture the energy of fault transients and hence can be used to detect inception of a fault during swing condition. For the reason mentioned before ( impedance relay mal-operation in case of power swings), this paper proposes adding a WT logic block to moderate a directional impedance relay and combines the outputs in a hybrid algorithm to detect faults during power swing, and to prevent relay operation during power swings. Performance of the proposed relay has been tested for tens times and investigated extensively for power swing conditions with different loading conditions and different power angles. Furthermore, testing the proposed scheme for fault conditions with different fault locations, different fault resistance, different fault types, and different inception angles had been carried out.
Key Issues To Consider
The proposed hybrid relaying scheme consists of two algorithms operating in parallel operation: a relay based on wavelet transform information (WT relay) and a relay based on impedance measurement (directional impedance relay). Extraction of wavelet information and calculation of impedance are carried out simultaneously. Both relays use the same voltage signals. The WT relay relies on capturing high frequency transient signals, and hence the 50 Hz component has to be removed from the measured waveforms. On the other hand, the Directional Impedance Relay uses the fundamental frequency components and high frequency noise has to be filtered out. The voltages and current signals must be sampled at a sampling rate of (50 kHz). The outputs of the two algorithms have to be combined effectively to utilize the positive features of both algorithms, thereby optimizing both speed and reliability. 
Hybrid Relaying Scheme
A scheme based on using two relays one at each end of the line is proposed in this paper. Fig. 2 shows the studied transmission line model. All the three current signals and three voltage signals on each end are needed for the proposed scheme. By using wavelet transform (WT), it is easy to detect any disturbance or faults on the lines and Fourier transform (FFT) is used to estimate the phasors of the measured signals [11] . The proposed scheme is based on the fast fault/power swing detection and phasor estimation to block the mal-operation of relay tripping during rapid power swings.
A-Directional Impedance Relay
The line impedance is calculated from the fundamental frequency component of the voltage and current signals. The 50 Hz values are extracted using full cycle Fast Fourier Transform (FFT). The ground and phase relays calculate the phase to ground and phase to phase impedances parallelism. When the calculated impedance falls within the protection zone, a fault is indicated. The equations that govern the relationship between voltages and currents are different for each fault and listed in Table 1 . But directional impedance relay may fail to detect a fault during power swing or may operate during power swing. Typical waveforms during power swing are shown in Fig. 3 . 
Figure(2): Parallel transmission line model

Relay Element Fault Type Equation
A-G VA / (IA+3mφ.K.Io) B-G VB / (IB+3mφ.K.Io) Ground Relay C-G VC / (IC+3mφ.K.Io) A-B (VA-VB) / (IA-IB) B-C (VB-VC) / (IB-IC) Phase Relay C-A (VC-VA) / (IC-IA)
B-Wavelet Transform Relay
In the proposed wavelet algorithm, fault detection can be obtained from the details of the first decomposition level of the measured voltage signals using symlets3 wavelet. This level contains the high frequencies that are associated with faults [11] . The length of the sliding data window used for fault detection is equal to half cycle of the fundamental frequency. By calculating the norm value of the first detail coefficient (D1) for all voltages; therefore, the phase(s) on disturbances can be identified. If the calculated norm value of any phase exceeds a certain threshold, this indicates that this phase is exposed to a disturbance. The value of the threshold is chosen based on extensive simulations of the studied system, which depends on the power system circumstances. The calculated norm of D1 measures the amount of energy content in over a half cycle D1as follows:
Where: M = the number of samples in half cycle. d(i) = detail coefficient of sample i at first detail.
C-Hybrid Detection Algorithm
A block diagram of the proposed detection algorithm is shown in Fig. 4 . Three voltage and current signals are feed into directional impedance relay, but only three voltages signals are feed into a WT relay. The hybrid algorithm can discriminate effectively between tripping for faults with and without power swings and blocking for power swings as follows: If there is a fault in the protected line:
The measured impedance from directional impedance relay falls within the protected zones, this relay sends a signal to remote end relay and the remote end relay also sends a signal to terminal relay, therefore directional impedance relay indicates a fault. If norm D1 exceeds threshold, WT relay indicates a fault. As a result, when the two relays indicate a fault, it ensures that a fault within the protected transmission line, a trip command will be achieved.
If there is a power swing case:
In such case, the directional impedance relay will operate alone but WT doesn't operate and therefore, trip issue will be blocked.
Figure(4):
Flowchart of the proposed scheme.
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In order to investigate the performance of the hybrid relaying scheme, a sample network has been simulated using MatLab program. The simulated power network is shown in Fig. 2 . The network consists of two areas. The sending end (SE) which modeled as an equivalent machine and the receiving end (RE) that modeled as an infinite bus. In normal conditions, power is transferred from SE to RE via two parallel lines. Line-1 has two sections, each of 140 km length, and line-2 is 280 km long. Lines are modeled with distributed parameters. The system details are given in the Appendix A. The directional impedance relay at breaker B1 is considered as the studied relay in this study. Zone-1 of this relay covers 126 km which corresponds to an apparent impedance of 112 Ω. The three typical scenarios had been investigated are:  Power swings in line-1 had been simulated by a fault (F1 as shown in Fig.2 ) occurring at 0.1 s and cleared after 0.1 s by the opening of breakers B5 and B6 under different loading conditions. This sends the system into a power swing [12] .  Power swing in line-1 had been simulated by changing the power angle of main generator relative to the other end [4] .  Different fault conditions on line-1 with faults occur at 2 s during power swing conditions.
Due to the limitation of the length of this paper, only some cases of these scenarios are illustrated as examples in details in the following subsequent sections.
A. Influence of the Power Angle
The proposed relay has been tested for blocking during power swings simulated by changing power angles conditions. All cases studied had been tested for a fixed loading condition of 500 MVA. Some results had been presented in Figures 5, 6 for δ = 120°a nd 260° respectively. Obviously, it can be seen that modeling the power angle changing between two ends of the transmission lines causes power swings in the transmission line, which may be rapid to cause undesirable operation of the distance relay (mal operation), but the hybrid relay operates correctly.
B. Influence of the Heavy Loading
Two cases are introduced in this paper for a three phase fault occurs during heavy loading. The voltage, current waveforms as seen by the relay B1, and the behavior of the three relays are shown in Figures 7, 8 respectively. These cases can cause undesirable operations in case of using only conventional distance relay that results in undesirable trip signals. However by adding WT logic block, a blocking for tripping issue is achieved. 
Simulation Results
Proceedings of the
C. Discrimination between Faulty and Transient Events
In the development of any fault-detection technique, it is important to ensure that it can discriminate effectively between normal non-fault events such as line switching and switching during fault events. The proposed hybrid relay presented here was extensively tested under many of such events. In all normal switching cases, conventional directional relay responds very well; therefore, the proposed scheme ensures blocking mal operations in such cases. -For switching during fault events, conventional directional relay responds very well; therefore, the proposed scheme ensures tripping in such cases.
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In addition, several fault conditions were carried out for the evaluation of the algorithm effectiveness by changing fault distance, resistance, and inception angles as well as fault types. In all tested cases, the performance of the proposed scheme is excellent for tripping faults.
As an example for the performance of the proposed scheme for activating tripping for faults during power swings, Fig. 9 shows the voltage, current, and performance of relays for phase-to-ground fault at 2s during power swing. As obviously shown, power swing blocking is cleared at the instant of fault occurrence in transmission lines to ensure necessary tripping by the proposed scheme. 
Conclusions:
A hybrid relay principle for blocking trip during fast power swings has been proposed that provides fault clearance once power swing blocking has been initiated. This principle is based on adding WT logic block to the directional impedance relay using the details of the first decomposition level of the measured voltage signals using symlets3 wavelet. With the proposed scheme, it is possible to clear power swing blocking at the instant a fault occurs in transmission lines.
To evaluate the performance of the proposed scheme, most of disturbances types have The proposed scheme can achieve faster fault detection speeds when compared to a standard distance relay, which is able to detect faults after ¾ cycle (0.015s).
